Seed quality is a complex character that is determined by a large number of parameters. Because of this, knowing the interrelationships among these parameters is of utmost importance, not only from the point of view of plant selection but also from the standpoint of crop production itself. The objective of this study was to investigate the influence of production season and production region (i.e., environmental conditions) on quality parameters and yield of sunflower hybrid seed. The study was conducted on the seed of the hybrids NS-H-111 and Rimi that had been produced at sites located in Serbia and Ukraine. The following traits were studied: germinability, 1000-seed weight, husk content, protein content, and seed yield per hectare. All of the studied parameters were affected the most by the genotype itself. Germinability ranged from 87.75% in NS-H-111 produced in Serbia to 95.50% in Rimi produced in Ukraine. The 1000-seed weight was greatly influenced by the production area. All of the studied factors individually produced highly significant differences in husk content, which ranged from 20.35% in NS-H-111 to 31.40% in Rimi. Seed protein content was highly significantly affected by all the factors studied. On average, genotype had the greatest effect on seed yield as well, with the difference in yield between the hybrids (833.0 kg) being highly significant. On the average, looking at the production season and area, differences were observed with regard to seed yield, but those were not statistically significant.
INTRODUCTION
Sunflower is one of the most important oilseed crops on a global level, grown on a total of over 22 million hectares worldwide (Škorić et al., 2008) . Due to the areas on which it is grown and the large areal extent, this crop requires the production of high quality seed (Vujaković et al., 2012) , because crop growers have become increasingly aware of the importance of seeds that are capable of quick and uniform germination in different environmental conditions, as required by the modern methods of agricultural production (Mrdja et al., 2011) .
Sunflower seed production has as its primary goal the production of genetically and physically pure seeds that are physiologically mature and healthy and have as much germination energy and germinability as possible as well as tolerance of agroecological stress . In order to be able to meet the increased grower demand for sunflower hybrids that are of as high quality and as high-yielding as possible, it is necessary that the current hybrid product range be rapidly replaced with a new set of hybrids that are better, more productive, and more stable. The development of high-yielding hybrids coupled with the use of appropriate agronomic practices reduces the impact of limiting factors in sunflower production and contributes to the increase of sunflower yields (Miklič et al., 2010) .
Success in sunflower growing and production depends not only on the genetic potential of the genotype but also on environmental conditions. Productivity and quality are greatly influenced by genotype, environment and their interaction (Sidlauskas and Bernotas, 2003; Denčić et al., 2011) . The extent of the genotype × environment interaction is a product of the variation of uncontrolled factors, which vary on a year to year basis (Adugna and Labuschange, 2002) . By virtue of this, therefore, knowing how environmental factors impact plant growth and development would reduce the possibility of sustaining significant yield and seed quality losses. To minimize the effects of these factors, one of the measures is to identify and use stable cultivars (Nasayao and Saladaga, 1988; Marjanović-Jeromela et al., 2011) . Unfavorable environmental conditions lead to variations in seed size and quality, to mechanical injury of seeds and damage during seed storage, and to disease attacks (Chloupek et al., 2003; Rahman et al., 2009) . In sunflower production it is therefore important to use stable parental lines that will perform well enough in different environments (Moghaddam and Pourdad, 2011) .
Changes in environmental conditions during the seed filling period potentially affect sunflower yield components (Aguirrezabal et al., 2003) . In order to be able to produce seed materials of high quality, the seed production itself should be stable and economical. Such production can be carried out in areas in which the commercial sunflower crops produce the highest yields. These are areas with fertile soils that have sufficient rainfall amounts and a good distribution of rainfall during the growing season. These production areas should have a temperate climate with no extreme temperatures during the growing season, because the growing season conditions also affect the parameters of seed quality (Radić et al., 2009 ). Seed quality parameters are a sum of all seed characteristics that result in fast and uniform emergence after planting as well as in the formation of strong and healthy seedlings and optimal stand density, all of which affects the uniformity of the crop and the potential for yield (Nyachiro et al., 2002; Hrstkova et al., 2006) .
The objective of this study was to investigate how the production season and production region and hence environmental conditions affect the quality parameters and yield of sunflower hybrid seeds.
MATERIALS AND METHODS

Plant material
Seeds originating from commercial sunflower production were used as the study materials. The production itself was established in a number of locations and areas, and the present paper discusses the data from two of the production areas spanning a period of two growing seasons.
The trial involved the hybrids NS-H-111 and Rimi, both of which had been developed at the Institute of Field and Vegetable Crops in Novi Sad, Serbia. NS-H-111 is a standard oilseed hybrid characterized as medium early. It is one of the most commonly grown hybrids in Serbia and the whole of southeastern Europe. Rimi is a medium early hybrid tolerant of imidazolinone-based herbicides that has been developed by conventional breeding methods.
Trial environmental conditions
The study was performed on seeds produced in locations in Serbia (the Padinska Skela site) and Ukraine (the Kirovohrad site). These locations were chosen because sunflowers like fertile and deep soils the best, as it is on such soils that the profitability of sunflower growing comes becomes fully apparent. The same growing technology was used with both hybrids throughout -from the actual planting and the alternation of male and female rows to the use of appropriate agronomic practices.
The Kirovhrad area in Ukraine has a temperate continental climate. The winters are mild with frequent rains and melting of snow. Snow cover forms fairly latein early December. The spring comes relatively early. The summers are warm and dry and often there is no precipitation whatsoever. The average annual temperature is 8.0°C, with the low of -15.0°C coming in January and the high of 35.0°C in July. The average January and July temperatures are -5.5°C and 21.0°C, respectively. The window for the appearance of frost spans 160-170 days annually. Precipitation most often comes in the form of rain, with an average of about 499 mm. Precipitation is at its most scarce in March and October and the most abundant in July. Relative humidity averages 74%, ranging from 62% in May to -88% in December (http:/ /news.kr.ua).
The Padinska Skela site is under the influence of a temperate continental climate with pronounced seasons. The average annual air temperature is 10.9ºC, with the maximum coming in July (37.1-42.3ºC) and the minimum in January (-30.7-21.0ºC ). The average July and January temperatures are 21.0°C and -0.4°C, respectively. The average amount of growing season precipitation is 364 mm, while the average for the whole year is 615 mm. June is the most rainy month, accounting for 12-13% of the total annual precipitation sum on the average. February and October have the least precipitation. Snow cover appears typically in the colder part of the year, from November to March, with January being the month the largest number of days with snow cover (http://hidmet.gov.rs).
Data collection
The study investigated the following seed quality parameters: germinability, 1,000-seed weight, the percentage of husk, protein content, and seed yield per hectare.
Seed germination was tested under laboratory conditions in the Laboratory for Seed Testing of the Institute of Field and Vegetable Crops in Novi Sad. The testing of seed germination was carried out in four replicates of 100 seeds using the standard laboratory test (ISTA, 2004) . Wet sterilized sand was used as the germination medium. This parameter is determined after seed processing is completed in order to avoid the possible effects of seed dormancy. 1,000-seed weight was estimated from the weight of four samples of 100 seeds taken at random in each sample. The results were rounded to the nearest 0.01g.
The husk content (%) of seed was calculated after manually dehulling 5.0 g of seed.
The protein content (%) was measured by the Kjeldahl method (VAP-50-Gerhardt).
Seed yield was determined after the harvest and the measurements were adjusted to 9% MC.
Statistical data analysis
Data were analyzed using three-way ANOVA for a completely randomized design using statistical software STATISTICA 10. The significance of differences was determined by the least significant difference (LSD) test with significance thresholds at 1% and 5% (Mead et al., 1996) .
RESULTS AND DISCUSSION
Seed quality is a complex trait that depends on the genetic makeup of the hybrid, the planting date, and environmental conditions prevailing during the critical stages of plant development. The duration of the seed filling stage, temperatures, the distribution of precipitation, and nutritional conditions during the period following flowering are all known as significant factors affecting the yield and qual-ity of sunflower seed (Wardlaw and Moncur, 1995; Malešević, 2008) . The same conclusion follows from the findings of Hrstkova et al. (2006) , according to which the individual contribution of each trait varies depending on the specific response to environmental conditions. Production conditions in sunflower seed production vary depending on both the production area and the production season. In years in which the conditions for sunflower growing are favorable high seed yields are obtained, but there are often years in which one or more stress periods will lead to the occurrence of yield losses (Škorić, 1988) . Ðukić et al. (2011) also report that yield levels, 1000-seed weight, and germinability are significantly determined by the amount and distribution of precipitation, temperature conditions during the growing season, and the time, duration and severity of the appearance of drought. Table 1 shows the F-test probabilities of the variance analysis of the parameters studied, based on which it can be concluded that there was a highly significant effect of the hybrid (genotype) on all the investigated parameters (Fpr=<0.001). The production season and area had a highly significant influence on all the parameters except for germinability and yield, in the case of which there was no significance. These findings are only partially in agreement with those of Flagella et al. (2002) , who reported that both genotype and year had a significant effect on yield components. Looking at the double interactions, it can be concluded that all the interactions had a highly significant effect only in the case of seed protein content, whereas in the case of germinability and yield none of the interactions had any significant effect. Looking at the triple interactions, it can be seen that the factors under study exhibited a highly significant influence on germinability.
Seed germination
Seed quality is determined by a large number of parameters and it cannot be said with certainty which one of them is the most important one. It is very important that sunflower seed quality be maintained at a high level in different production conditions. Knowing the interrelationships among all those different parameters is therefore of great importance not only from the point of view of selection but from the standpoint of production as well.
According to Crnobarac and Dušanić (1996) and Schoeman (2003) , there are significant differences among hybrids, locations, and years of study when it comes to seed quality. In the present study germinability ranged from 87.75% in the hybrid NS-H-111 produced in Serbia in 2008 to 95.50% in the hybrid Rimi produced in Ukraine that same year (Table 2) , as a result of which the H × Ps × Pr interaction was highly significant. The same finding was obtained by Pacheco et al. (2005) , who reported that sunflower seed is greatly influenced by environmental factors, which most often results in high variability, both among different years in a single location and among different locations in a single year as well as among different locations and years. The germinability values in our study resulted in there being highly significant differences among the average values in the hybrids (3.94%). The same results were obtained by Vega et al. (2001) and Rondanini et al. (2007) , according to which germinability is a trait characteristic of each individual genotype. Looking at the production season and area as the factors, no significant difference were manifested.
1,000-seed weight
Thousand-seed weight is regarded as one of the most important factors when it comes to seed quality. It has been generally accepted that seeds used for planting should have as large 1000-seed weight as possible, because such seeds have larger amounts of storage substances and more developed embryos and also because plants they produce develop and grow faster, which is of great importance in areas where there is a great likelihood that unfavorable climatic factors may occur. According to Škorić (1988) , it is necessary to have good knowledge of 1000-seed weight, because this trait has direct effect on the planting method and seeding rate and also indirectly influences the quality of the seeds to be produced as well seed yield per unit area.
Results shown in Table 3 indicate that, besides the hybrid, it was the production area that had the largest influence on 1000-seed weight. The variation of 1000-seed weight is characteristic of different hybrids in a single location as well as of a single hybrid in different locations (Marinković, 1992) . In the present study we found highly significant differences among the production areas themselves (8.69%) as well as in all the interactions in which the production area was one of the factors. The same finding was reported by Villegas et al. (2010) , who found a highly significant effect of the location × genotype interaction on 1000-seed weight. Dušanić (1998) , on the other hand, argues that 1000-seed weight depends first and foremost on the year of study, the hybrid, and the seeding rate.
Husk content
The components of oil percentage of sunflower seeds are the husk content and oil content in the kernel (Dedio, 1982) . Selection of sunflower varieties with high oil contents has led to a reduction in seed size and percentage hull, with kernels adhering very tightly to the hull (Denis et al., 1994) . A hull percentage that is too low may lead to problems arising during machine-harvesting and seed processing in sunflower.
The husk content in our study ranged from 20.35% in NS-H-111 to 31.40% in Rimi (Table 4) . On the average, the studied factors individually resulted in highly significant differences (6.69% for the hybrids, 1.97% for the production season, and 1.67% for the production area). With the interactions too there were highly signifi- cant differences in all the treatments, the only exception being the hybrid NS-H-111, in the case of which the differences between the hybrid × production season interaction and the hybrid × production area one turned out not to be statistically significant.
Seed protein content
Although sunflower as a crop is grown primarily for its high seed oil content, it is a significant source of protein as well. According to Denis et al. (1994) , the average seed protein content of sunflower varies from 30 to 33% for the whole kernel but may be anywhere in the 25-45% range. The same author indicates that this character is influenced by the genotype as well as by environmental factors. Dušanić (1998) too has reported that seed protein content in sunflower is significantly influenced by the choice of hybrid, location, and year of production.
According to our results shown in Table 5 , all of the studied factors had a highly significant influence on seed protein content. This significance manifested itself both through individual influences and through interactions themselves. The sole exception were the results obtained for NS-H-111, in the case of which the difference recorded for the hybrid × production season interaction was not significant (0.01%), with the values being nearly identical.
Many authors have studied the effects of different factors on seed protein content in sunflower. According to Triboi et al. (2000) , for instance, environmental conditions have a considerable influence on protein content and composition. The same authors also regard the quantitative effect as being the most important. Hristov et al. (2010) studied the effects of the genotype, environment, and their interaction on seed quality in wheat and found high statistical significance for almost all the traits. The exception was the protein content, in the case of which high signifi- cance was recorded only for the interaction. The same authors also reported that the year, location, and their interaction had a significant influence on the protein content, whereas in the case of the genotype × year location interaction no significance was observed.
Seed yield
One of the main focuses of sunflower breeding is the development of hybrids with a high genetic potential for seed yield. Jocić (2003) considers seed yield a complex trait with a polygenic basis that is highly influenced by the environment. According to Gunasekera et al. (2006) , seed yield is a quantitative trait, the expression of which is the result of the genotype, environment and the interaction between the genotype and the environment.
The results of the present study indicate that on average the seed yield of the studied hybrids was affected the most by the genotype (Table 6 ). The difference that was created (833.0 kg) was highly statistically significant. On the average, looking at the production season and area as factors, differences were observed with regard to seed yield, but those were not statistically significant. The same conclusion was reported by Villegas et al. (2010) , whose findings showed that despite the diversity of environmental conditions, the main differences in yield were due to genotypes. According to Marjanović-Jeromela et al. (2011) , however, seed yield per plant is highly influenced by environmental factors, which indicates the adaptability of specific genotypes to specific seasons. 
CONCLUSION
Seed quality parameters as well as yield itself depend primarily on the conditions during the growing season, which is why special attention needs to be paid to choosing the right production area. In our study of the effects of production season and area on seed quality parameters and seed yields of two sunflower hybrids, there was a highly significant influence of the hybrid/genotype on all the parameters studied. Production season and area had a highly significant effect on all the studied parameters except for seed germinability and yield, in the case of which no significance was recorded. A highly significant effect of all the interactions was manifested only in the case of seed protein content, while looking at the triple interaction it was observed that the studied factors had a highly significant effect on seed germinability. 
